The study was aimed to characterize and evaluate the erodibility of soils of Wukari metropolis, Taraba State Nigeria. Three profile pits were cited in the study area using free survey technique. Soil samples were collected from profile pits based on horizon differentiation and were subjected to routine laboratory analysis. Data generated were analyzed statistically using the coefficient of variation. The result indicated that sand particle was predominant over other fine fractions as determined in both water and Calgon in all the pedons. Soil pH ranged from 6.35 to 6.90 across the pedons. Organic matter (OM) had mean of 1.73 %, 1.49 % and 2.12 % in pedons 1, 2 and 3. Cation exchange capacity (CEC) and available Zn were generally low while available Fe was high in all the studied pedons. The dispersion ratio (DR) ranged from 68.52 % -90.25 %, clay dispersion index (CDI) ranged from 64.34 % -90.69 % and clay flocculation index (CFI) ranged from 9.31 % -35.66 % in pedons 1, 2 and 3. The soil pH, CEC, DR, and CDI had low variation among horizons of each pedon. Soil pH and OM correlated posi-tively ( ≥ r = 0.190 ≤ r = 0.441) with available Fe and Zn. Organic matter correlated negatively with DR, CDI, and CFI. Hence the soils were erodible; there-fore sustainable management practices must be adopted, to ensure sustainable productivity and environmental protection in the studied area.
Introduction
There is a growing need for information relating to soil conditions, their current status, level of degradation, changes due to land use types and management practices and appropriate conservation measures to ensure sustainable and optimal land utilization. Soil characterization provides the information for our understanding of the physical, chemical, mineralogical and microbiological properties of the soils we depend on to grow crops, sustain forests and grasslands as well as support homes and society structures (Ogunkunle, 2005) . It is through precise measurement and full understanding of the nature and properties of soils, as well as proper management of the nutrient and moisture requirements that one can elevate the inherent capability of the soils to withstand the menace of erosion.
Soils are usually affected and sometimes destroyed by the forces of rainfall and wind causing a phenomenon known as Erosion. Rainfall is the real agent of soil erosion by water in the tropics, by virtue of its role as the source of water or the only form of precipitation contributing to the hydrologic cycle. For most of the erosion in tropical Africa, it is also the source of water, as irrigation agriculture is not well developed even in semi-arid and arid regions where such is needed.
Soil erosion is one of the most severe forms of land degradation in the world (Nanna, 1996; Sohan and Lal, 2001) . More than 56 % of land degradation is caused by soil erosion, raising a global concern on land productivity (Elirehema, 2001) . The problems associated with erosion include eco-nomic, political, social and environmental which result due to on-site and off-site damages. It not only causes severe land degradation and soil productivity loss but also threatens the stability and health of society in general and sustainable development of rural areas in particular (Tang, 2004; Zheng et al., 2004; Jing et al., 2005) .
Erosion changes soil properties, especially physical properties, mainly because it removes surface soil rich in organic materials and exposes lower soil layers. Soils are degraded because of erosion, but already degraded soils have a higher erosion risk. It is therefore difficult to separate which is the initial cause. Erosion causes the reduction in infiltration-and water-storage capacity, nutrient-and organic matter content, soil depth, productivity, vegetation growth and biodiversity.
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These factors all interact with each other, and it is almost impossible to separate the impact one has on another.
Soil erodibility can be determined using various soil erodibility indices based on soil characteristics. Different workers have employed Erodibility indices like clay dispersion ratio, clay dispersion index, clay flocculation index (Igwe and Udegbunam, 2008; Oguike and Mbagwu, 2009; Chris-Emenyonu and Onweremadu, 2011) to assess the soil erodibility. Erodibil-ity varies with soil textures, aggregates stability, shear strength, soil structures, infiltration capacity, soil depth, bulk density, soil organic matter and chemical constituents (Agassi and Bradford, 1999) .
Therefore, there are needs to provide the erodibility data which will enable agriculturist, engineers, and other land-users to know the areas that are prone to erosion. These will enable them to provide control measures and embrace sustainable land -use practices that will help to check the menace in future. Soil erosion constitutes great havocs to our immediate environment. These range from pollution of the environment to the destruction of lives and valuable properties worth a reasonable amount of money; hence, leaving people as victims of its operation. The Wukari community is not an exception of the menace of this commotion causing losses. Hence, soil characterization and erodibility evaluation of soils of Wukari are considered necessary.
Materials and Methods

Study Area
The study was carried out in Wukari in Wukari Local Government Area of Taraba State North East, Nigeria. It lies between latitude 7 0 51′ N to 7 0 85′ N and longitude 9 0 46' E to 9 0 78 E' of the Greenwich meridian. The entire area is a gently undulating plain, with a mean altitude of 200 m above sea level. The drainage systems drain northward and serve as tributaries network to the River Benue while eastward discharge of rivulets and other smaller tributaries from Wukari town drains towards the Donga River, which is a major tributary of River Benue. The mean annual rainfall value ranges from 1000 -1500 mm. The onset of the raining season is usually around April while the offset period is October. The mean maximum temperature is being experienced around April at about 40 0 C while the mean minimum temperature occurs between the period of De-cember and February at about 20 0 C (NIMET 2015).
Geology
Wukari is situated over Cretaceous sandstone which is possibly Bima-sandstone (TSMEUD, 2005) .
Vegetation
The Wukari Local Government Area falls within the Southern guinea savannah zone. The vegetation manifest seasonal pattern and it is mainly of tree savannah in which the dominant species is the large red heart (Hymeno cardia) providing a limited amount of shade. The accompanying shrubs and grasses are Guinea grass (Panicum maximum), speargrass (Imperata cylindrica), Morning glory (Ipomoea carnea), Pignut (Hyptis suaveolens), Bahama grass (Cynodon dactylon), Spiderwort (Commelina benghalensis), Wiregrass (Eleusine indica), Lemon verbena (Lippia dubai), sedge flower (Cyperus difformis) etc. There are also restricted areas of hard wood (Isoberlina) savannah woodland, which forms the forest reserves of the area. Other species include Eucalyptus (Eucalyptus camaldu-lensis), Neem tree (Azadirachta indica), Gmelina (Gmelina arborea), Locust tree (Parkia filicoidea), Guava (Psidium guajava), mango (Mangifera indica) and Cashew (Canarcadium occidentale) among others.
Site Selection
The first site was located behind Federal University Wukari students' village (profile A). The coordinate of this site was N 07 0 50.446 ′ and E 09 0 46.694′ with an elevation of 141.8 m. Wukari mission quarters was designated to be the second site (profile B); it has the coordinate of N 07 0 51.269′ and E 09 0 46.693′ with an elevation of 157.3 m. The third profile pit was located at Wukari rice mill. The coordinate was N 07 0 52.076′ and E 09 0 47.192′ with an elevation of 171.3 m.
Soil Sampling
A profile pit was dug on each of the selected sites. Soil samples were collected based on horizon differentiation according to Schoeneberger et al. (2012) guidelines. A total of 15 soil samples were collected from the three profile pits. The soil samples were subjected to routine and special laboratory analyses.
Laboratory Analyses
Particle size distribution was determined by Bouyoucos hydrometer method (Gee and Or, 2002) . Soil pH was measured electrometrically using glass electrode pH meter in a solid-water ratio of 1:2.5 (Thomas, 1996) . Total nitrogen was determined by the micro-Kjeldahl digestion technique method (Bremner, 1996) . Exchangeable bases were determined by the neutral ammonium acetate procedure buffered at pH 7.0 (Thomas, 1982) . Exchangeable acidity was got by a method described by (McLean, 1982) . Total carbon was analyzed by wet digestion (Nelson and Sommers, 1996) . Phosphorous was determined by Bray l method according to the procedure of (Olsen and Sommers, 1982). Cation Exchange Capacity was determined using neutral ammonium acetate leachate method (Summer and Miller, 1996) . Available micronutrients (Fe and Zn) were extracted by Diethylene Triamine Penta Acetic acid (DTPA) as described by Sahlemedhin and Taye, (2000) and all these micronutrients were determined using atomic absorption spectrophotometer. The higher the CDR and CDI the more the ability of the soil to disperse while the higher the CFI, the better aggre-gated the soil. Clay dispersion ratio was used to determine the erodibility of the soils in which greater than 15 % are erodible and less than 15 % are not erodible (Middleton, 1930) 
Statistical Analyses
The data generated were analyzed statistically using the Coefficient of variations as described by Wilding et al. (1994) to determine the degree of variation among horizons of each pedon. However, the correlation matrix was used to determine the relationship among the selected properties of the soil. Genstat statistical software versions 8.1 were used to run the statistical analysis.
Results and Discussion
Soil Particle Distribution
The result (Table 1) of the particle size distribution showed that sand particles as determined in both water and Calgon dominated over other fractions of soil in all the pedons. The sand particles as determined in water and Calgon had low variation ( ≥4.48 % ≤ 11.33 %) in pedons 1 and 3 while it had moderate variation ( ≥16.22 % ≤ 17.73 %) in pedon 2. The sandiness of the study sites is not unconnected with the parent material. This conforms to the findings of (Weil and Brady, 2016 ) that parent material is a major determinant of soil textural composition. Sand particle increased down the pedon in no specific trend. This is contrary to the findings of . The high sand particle in some subsurface could be associated to buried horizons as a result of runoff de-posit over time. The silt and clay particles as determined in Calgon was higher than Osujieke D. N. et al., NJSS 28 (2), 2018 those determined in water. This resulted due to the ability of Calgon to disperse particles efficiently more than water. The silt particle as determined in water had a mean of 11.03 %, 20.57 % and 19.49 % in pedons 1, 2 and 3, respectively. Silt fraction as determined in water and Calgon had low variation (11.03 %) in pedon 1 and moderate to high variation (≥19.49 % ≤ 40.80 %) in pedons 2 and 3. The silt fraction decreased down the pedons in no specific trend. According to the rating (10 -25 %) of Hazelton and Murphy (2007) , silt content of the pedons was low. However, silt particles are highly susceptible to erosion. Clay had moder-ate variation (≥16.37 % ≤ 24.70 %) in all pedons except the pedon 2 of Calgon determined which had low variation (4.23%). However, clay had no specific trend of increase in all the pedons. The pattern of clay distribution down the pedons indi-cates that the soils of pedons 1 and 2 are young. This is in line with the findings of Soil Survey Staff (2014).
Horizon
Depth 
Soil Chemical Properties and Micronutrients
The pedons (Table 2 ) were neutral to slightly acidic according to the ratings of Chude et al. (2011) . The soil pH had a mean of 6.90, 6.48 and 6.66 in pedons of 1, 2 and 3, respectively. However, pH had low variation (≥0.98 % ≤ 2.08 %) in all the pedons. The low variation could be associated with homogeneity in parent material and similarity in climatic condition. Soil pH of the study sites could be associated to quantities of variable charge minerals, organic matter and amount and type of clay. However, the pedons were less acidic compared to the finding of Musa and Gililanbe (2017) in soils of Northeast Nigeria. Or-ganic matter was moderate in pedons 1 and 2 and high in pedon 3 according to the ratings of Esu (1991) and Landon (1991) .
Organic matter had high variation (≥40.08 % ≤ 83.14 %) in pedons 2 and 3 and low variation (13.70 %) in pedon 1. However, organic matter content was high compared to the finding of Tekwa et al. (2011) in soils of Northern, Nigeria. Organic matter improves the soil structure thereby reducing the erodi-bility rate of the soil.
Total nitrogen was very high while available phosphorus was very low in all the pedons according to the ratings of Landon (1991) . However, phosphorus fertilizer should be added into the soil to enhance availability of phosphorus.
Total nitrogen and available phosphorus had high variation (≥40.08 % ≤ 83.14 %) in all the pedons except in pedon 3 where total nitrogen had low variation (5.89 %). The total nitrogen was high while the available phosphorus was low compared to the find-ing of Tekwa et al. (2011) and Musa and Gililanbe (2017) in soils of Northeast Nigeria. The Table 2 showed that potassium was predominant over other cations in pedons 1 and 2 while Magnesium was predominant in pedon 3. However, Ca was low; Mg was low while Na and K were high according to the ratings of Landon (1991) . This indicates that Ca and Mg are below the critical limit hence there are need to improve their status. The distribution of the basic cation across the pedons was similar to the work of Gailyson and David (2013) . Cation exchange capacity (CEC) ranged from 3.55 -3.60 cmol/kg in pedon 1, 3.09 -4.30 cmol/kg in pedon 2 and 3.86 -3.96 cmol/kg in pedon 3. The CEC was found to be below the critical limit according to the rating of Esu (1991) . Cation exchange capacity was low and had no specific trend of decrease down the pedons. This agreed to the findings of Gailyson and David (2013) . Mulima et al. (2015) , also reported of low CEC in soils of Northeast Nige-ria. However, the CEC of the pedons were < 24 cmol/kg, this indicated that the pedons have low activity clays and highly weathered according to the finding of soil survey staff (2014). The highly weathered soils are more susceptible to erosion due to the formation of coarse particle which encour-ages poor aggregation. 
Mean
CV
Available Fe had a mean of 31.18 mg/kg in pedon 1, 18.12 mg/ kg in pedon 2 and 23.39 mg/kg in pedon 3. However, Fe content had a high variation ( ≥62.69 % ≤ 64.93 %) in all the pedons. The available Fe was high according to the ratings (>10 mg/kg) of Esu (1991) , and also, it was above the critical level 2.5 -5.8 recommended by Deb and Sakal (2002) . The available Fe was high compared to the findings of Mulina et al. (2015) but similar to the finding of Mustapha et al. (2010) in soils of North-east Nigeria. The level of available Fe could be associated with its availability in the parent material. Available Fe increased down in an irregular trend in pedons 1 and 2 while it decreased down in an irregular trend in pedon 3. The available Zn ranged from 1.08 -1.90 mg/kg (mean= 1.40 mg/kg) in pedon 1, 0.28 -18.78 mg/kg (mean = 4.05 mg/kg) in pedon 2 and 0.15 -1.03 mg/kg (mean = 0.52 mg/kg) in pedon 3. The available Zn had a high variation ( ≥75.48 % ≤ 162.51 %) in pedons 1 and 2 while it had moderate variation (25.82 %) in pedon 1. However, available Zn was below the critical limit recommended by Esu, (1991) in pedon 1, moderate in pedon 2 and high in pedon 3. Generally, with the exception of Ap horizon of pedon 2, the available Zn obtained from other horizons fell below the critical available level of 3.3 mg/kg as reported by Pam (1990) . Available Zn of the pedons was low compared to the finding of Shehu and Ja-mala (2010) in soils of Northern Nigeria. Zn decreased down the pedons following no specific trend which is in line with the findings of Ahukaemere et al. (2017) . However, researchers (Bassirani et al., 2011; Mustapha et al., 2011) have reported on the irregular pattern of distribution of Fe and Zn in pedons in Northeast, Nigeria. Variation of Zn and Fe among the horizons could be associated to soil pH level, organic matter level and phosphate level of the pedons. Osujieke D. N. et al., NJSS 28 (2) , 2018
Soil Erodibilty Indices
The dispersion ratio (DR) had a mean of 68.53 % in pedon 1, 81.04 % in pedon 2 and 70.59 % in pedon 3. However, the DR had low variation ( 5.55 % 8.45 %) in all the pedons. The DR is greater than 15 % indicating that the horizons of the pedons are erodible. The DR decreased down the pedons 1 and 3 while it increased down in pedon 2. Soils with high DR are known to be weak structurally and can easily erode. Many researchers have used this index in predicting soil erosion by water (Bajracharya et al., 1992; Igwe, 2005 (46.29 %) in pedon 1. The CFI increased down the pedons 1 and 3 in no specific trend while it decreased done the pedon 2 in no specific trend. The clay-flocculation index (CFI) is also another index that shows the ability of the soils to resist dispersion in water. The CFI of the soils are low and a direct inverse of CDR. The result of the research, when com-pared to the finding of Oguike and Mbagwu (2009) in soils of Southern Nigeria shows that DR and CDI were high while CFI was low. Igwe and Udegbunam (2008) , also reported that the DR, CDI, and CFI were high when compared to the soils of Southern Nigeria. Table 4 shows the result of the correlation matrix between selected soil properties and erodibility indices. Sand particle had highly significant negative relationship (r= -0.674, r= -0.817, r= -0.759, r= -0.769, p= 0.01) with silt, clay, DR, CDI, and CFI. Clay particle had positive relationship (r= 0.526) with DR; highly significant positive relationship (r= 0.743, p= 0.01) with CDI and highly significant negative relationship (r= -0.765, p= 0.01) with CFI. However, DR had a positive relationship (r= 0.836) with CDI but a highly significant negative relationship (r= -0.802, p= 0.01) with CFI. CDI had a highly significant negative relationship (r = -0.993, p = 0.01) with CFI. Organic matter had a negative relationship (r = -0.166, r = -0.462, r = -0.462) with DR, CDI, and CFI. Igwe and Udegbunam (2008) , also reported on the highly significant relationship between CFI and clay. Table 5 shows the correlation matrix between selected soil properties and micronutrients. Available Fe had a positive relationship (r = 0.441, r = 0.190, r = 0.192) with pH(H2O), OM and total nitrogen. Available Fe also had a negative relationship (r = -0.013, r = -0.415, r = -0.302) with clay, available phosphorus and cation exchange capacity. Available Zn correlated negatively (r = -0.074, r = -0.169, r = -0.329) with clay, CEC and Fe while it had a highly significant negative correlation (r = -0.656, p = 0.01) with total nitrogen. However, available Zn correlated positively (r = 0.308, r= 0.299, r = 0.273) with pH(H2O), OM and available phosphorus. Iyaka and Kakulu (2009) , have reported that Zn correlated positively with pH and organic matter. The negative correlation between Fe and Zn was contrary to the finding of Oyinlola and Chude (2010). 
Correlation Matrix between Selected Soil Properties and Erodibility Indices
Correlation Matrix between Selected Soil Properties and micronutrients
Conclusion
The result obtained showed that the study sites were generally sandy and neutral to slightly acidic. The organic matter was moderate, total nitrogen was high, available phosphorus was very low, and CEC was low in all the sites. Available Fe was above recommended critical limit while Zn was below the recommended critical limit. However, the result as indicated by the dispersion ratio, clay dispersion index and clay flocculation index showed that the soils of the study area are erodible.
The detrimental effects of erosion on agriculture and infrastructural development in any place cannot be overemphasized. However, sustainable soil management practices such as cover cropping, conservation tillage, terracing of slopes, grassing of bare areas, windbreak and construction of conveyance have to be adapted to control the established gullies, as well as to prevent further deterioration.
